Split Supersymmetry does not attempt to solve the hierarchy problem, but it assumes a tuning condition for the electroweak scale. We clarify the meaning of this condition and show how it is related to the underlying parameters. Simple assumptions on the structure of the soft terms lead to predictions on tan β and on the physical Higgs mass.
Split Supersymmetry [1, 2, 3] does not attempt to give a natural explanation of the hierarchy problem but, as in the Standard Model, a parameter fine-tuning is assumed to obtain the correct breaking of electroweak symmetry. In this paper we want to show that, although the theory does not provide a dynamical explanation for the tuning, its existence leads to important information on the underlying parameters and on measurable physical quantities.
Let us start by considering the potential in Split Supersymmetry for the real and neutral Higgs field h, valid at energies lower than the squark and slepton mass scalem,
The Higgs mass parameter m 2 satisfies to the RG equation 
It is apparent that eq. (5) On the other hand, above the scalem, the radiative breaking is easily achieved [5] by the positive contribution to ∆ from the stop ∆t = 6h
wherem Q 3 ,U 3 are thet L,R soft masses, of the order ofm. This leads to m 2 = O(−m 2 ), which has to be tamed by the tuning condition. From our discussion, it is now manifest the meaning of the tuning: it corresponds to the condition that the Higgs mass parameter m 2 changes sign precisely at the scalem, at which the squarks are integrated out. As shown before, the running belowm has a modest impact on m 2 and, in particular, it does not further change its sign.
The supersymmetric Higgs potential abovem, along the real and neutral components, is 
We obtain
For m We want to investigate what information the tuning condition can provide us on the fundamental parameters at a large scale M X , which we will identify with the GUT scale. The relations between the soft masses at the scale M X (denoted by a bar) and those at the matching scalem are
Here we have neglected terms of weak-scale size (M, µ, A) and kept only the one-loop leading contributions from gauge and top-Yukawa couplings (which is adequate for not too The relation between r Q and r H necessary to allow for tuning of the weak scale, in the case of SU (5) GUT boundary conditions. We have takenm = 10 6 GeV (10 13 GeV) in the left (right) panels, and tan β varying from 1 (lower line) to 10 (upper line).
large values of tan β). The coefficients K and ω are given by
where c i = (13/30, 3/2, 8/3), b i = (33/5, 1, −3), and g 1 has GUT normalization. The numerical values of K and ω for differentm are given in table 1. In eq. (17) λ t is the supersymmetric top-Yukawa coupling related to the low-energy coupling h t by the matching condition λ t (m) sin β = h t (m). The parameter K has a maximum value (K < 1/2), once we require the absence of Landau poles below the scale M X .
The conditions for tuning the electroweak scale are
Equations (20)- (22) correspond to the requirement that no electric-charge or colour breaking minima are developed at the scalem, as recently discussed in ref. [6] .
Let us consider the case in which the soft masses satisfy SU(5) GUT boundary conditions, 
The allowed region of r Q -r H parameters is shown in fig. 1 , for characteristic values ofm and tan β. The tuning of the electroweak scale can be achieved in a large area of parameters for r Q and r H of order unity. Natural values of the boundary conditions are compatible with the breaking.
As apparent from fig. 1 , the available area of r Q -r H shrinks as tan β is lowered. Indeed, from eq. (24), we obtain that a solution for r H exists only if
This bound is more stringent than the constraint K < 1/2 (from absence of Landau poles). Therefore Split Supersymmetry with SU (5) The lower limit on tan β can be translated into a lower limit on the Higgs mass, as shown in fig. 2 .
We also remark that SU(5) GUT boundary conditions allow for the possibility of a double fine-tuning in which both the weak scale and the charged Higgs mass (m ) are much smaller thanm, and therefore the low-energy theory has two Higgs doublets. This is obtained for which corresponds to the border line of the area in fig. 1 at low r H . However, the double fine-tuning requires a peculiar boundary condition, with r H very small and negative.
With stronger assumptions on the soft masses, we can obtain sharper predictions. Let us consider the universality hypothesis, which implies r Q = r H = 1. In Split Supersymmetry, universality is not necessary to solve the flavour problem, but it could appear in particular schemes of supersymmetry breaking. In this case, the tuning of the weak scale leads to a prediction of the value of tan β
which is shown in fig. 3 . In Split Supersymmetry with universal boundary conditions, the Higgs mass is uniquely predicted, as a function ofm, as shown in fig. 3 . The band in fig. 3 corresponds to the uncertainty in m t and therefore the prediction will be further sharpened, if the experimental error in the top mass is reduced.
Finally, it is important to mention that, if we abandon SU(5) GUT boundary conditions and consider the most general pattern of soft terms, the lower bound in eq. (25) can be evaded and the top-Yukawa infrared fixed point can be reached. Indeed, for arbitrary soft terms, even when S = 0, we can tune the weak scale for any value of tan β and any value of K (with 0 < K < 1/2) as long as r H < t
The reason why the tuning of the weak scale can be obtained so easily for natural initial values of the soft masses and even for universal boundary conditions lies on the efficiency of the radiative breaking in supersymmetry and, ultimately, in the favourable observed value of the top mass. The possibility of reproducing the weak scale for large scalar soft masses with universal boundary conditions (first observed in ref. [8] ) was carefully studied in ref. [9] , where it was named "focus point". Split Supersymmetry brings that possibility to the extreme consequences.
In conclusion, we have discussed the meaning of the tuning condition in Split Supersymmetry and shown how it leads to interesting information both on the underlying soft masses and on low-energy measurable observables, like the Higgs mass m H and tan β. Given specific high-energy matching conditions, one can make testable predictions. In particular, we have shown that SU(5) GUT boundary conditions imply a lower bound on tan β and on m H , while universal boundary conditions imply a determination of tan β and m H , as functions of m. Viceversa, measurements of the low-energy parameters can help us discriminating among underlying models of supersymmetry breaking.
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